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OPTICAL SWITCH MATRIX 

This invention relates to an optical switch matrix 
which selects a propagation route between I/O ports by 
electrical control. 

The optical switch matrix has switch elements at each 
crosspoint of the matrix, which change direction of an 
optical signal. 

In order to propagate optical signals efficiently, it 
is important that propagation losses in switching 
elements are reduced. 

A switching element employed for a conventional optical 
switch matrix is illustrated in Fig. 1. 

In Pig. 1, a switch element is composed of directional 
coupler 60 and waveguide 63a, 63b, 64a, 64b. The 
directional coupler 60 has two parallel waveguides 61 
and 62. Electrodes 65 and 66 are formed respectively 
on the parallel waveguide 61 and 62. The parallel 
waveguide 61 is jointed between waveguide 63b and 64a. 
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The parallel waveguide 62 is jointed between waveguide 
63a and 64b. Corner reflectors 67-70 are formed at 
their joint corners. 

5 For example, in Fig. 1, an optical signal inputted into 

waveguide 63a reflects on the corner reflector 69 and 
propagates in parallel waveguide 62. As a result of 
interaction between parallel waveguide 61 and 62 , the 
optical signal is transferred to the parallel waveguide 

10 61. Then, the optical signal reflects on the corner 

reflector 68, and propagates in the waveguide 63b. 

By controlling the voltage applied to the electrodes 65 
and 66, the optical signal need not be transferred from 
15 the parallel waveguide 62 to the parallel waveguide 61. 

In this case, the optical signal reflects on the 
corner reflector 70, and then propagates in the 
waveguide 64b. 

20 However, in passing each switch element, the optical 

signal necessarily reflects on the corner reflector two 
times. Thus, for a X n matrix, the optical signal 
reflects on corner reflectors by up to a maximum of 



(m + n - 1) x 2 times. Propagation loss occurs every 
time the optical signal reflects. 

It is an object of the invention to provide an optical 
switch matrix where propagation loss is reduced. 

Another object of the invention is to provide an 
optical switch matrix which can be miniaturized and 
manufactured with a low cost. 

A further object of the invention is to provide an 
optical switch matrix which has an improved cross talk 
character is tic. 

The above and other objects, features and advantages of 
the present invention will become more apparent from 
the following description when taken in conjunction 
with the accompanying drawings, in which a preferred 
embodiment of the present invention is shown by way of 
illustrated example, and wherein: 

Fig. 1 is a . schematic plan view of a switch element 
employed for a conventional optical switch matrix, 
Pig. 2 is a. schematic plan view of an optical switch 



matrix according to the present invention, 

Fig, 3 is a schematic plan view of a first embodiment 

of a switch element according to the invention, 

Fig. 4 is a schematic plan view of a second embodiment 

of a switch element according to the invention, 

Fig. 5 is a schematic plan view of a third embodiment 

of an optical switch matrix according to the invention. 

Fig. 6 is a schematic plan view of a switch element of 

the third embodiment. 

A first embodiment according to the present invention 
is illustrated in Figs. 2 and 3. 

In Fig. 2, 4 x 4 matrix for example, is formed with 
four input waveguides 10 and four output waveguides 12 
crossing mutually. The matrix has four input ports 
101-104 and four output ports 121-124. Switch elements 
14 are disposed at each crosspoint of the matrix. In 
order to fabricate such optical switch matrix, GaAs 
substrate, for example, is employed. 

With reference to Fig. 3, a structure of the switch 
element 14 is described. The switch element 14 is 
composed of an input waveguide 10, an output waveguide 



12, and a transfer waveguide 15. The transfer 
waveguide 15 has a first waveguide 16 being parallel to 
the input waveguide 10 and a second waveguide 17 being 
parallel to the output waveguide 12. A corner 
reflector 19 is formed at a joint corner 18 of the 
first and second waveguide 16 and 17. 

The first waveguide 16 and the input waveguide 10 
comprise a first directional coupler 20. The second 
waveguide 17 and the output waveguide 12 comprise a 
second directional coupler 22. Control electrodes 23 
and 24 are formed on the first and second waveguide 16 
and 17. Ground electrodes 25 and 26 are formed on the 
input and output waveguides 10 and 12. 

For example, in Fig. 3 f an optical signal is propagated 
from the input port 102 to the input waveguide 10. As 
a result of interaction between parallel waveguides, 
the optical signal is transferred to the first 
waveguide 16. Then, the optical signal reflects on the 
corner reflector 19, and propagates in the second 
waveguide 17. 



As a result of interaction between parallel waveguides 
again, the optical signal is transferred to the second 
waveguide 12 and then goes toward the output port T22. 

However, by applying a prescribed voltage to the 
control electrode 23, the optical signal is not 
transferred from the input waveguide 10 to the first 
waveguide 16. 

Furthermore, by applying a prescribed voltage to the 
control electrode 24, the optical signal propagated in 
the output waveguide 12 is not transferred to the 
second waveguide 17. Then, the optical signal goes 
toward output port 122. 

According to the first embodiment, as described above, 
whatever propagation route is selected, the optical 
signal reflects on the corner reflector only once 
irrespective of a matrix scale. Therefore, propagation 
loss is reduced compared to the prior art embodiment of 
Fig. 1. 



A second embodiment of the present invention" is 
illustrated in Fig. 4. In Fig. 4, the first (second) 
waveguide 16(17) includes, from its middle point to the 
joint corner 18, a waveguide 27(28) which is not 
parallel to the input (output) waveguide 10(12). The 
non-parallel waveguides 27 and 28 are disposed so that 
the joint corner 18 is disposed in a position drawn 
back from the crosspoint of the input and output 
waveguide 10 and 12. The non-parallel waveguides 27 
and 28 may be straight or bent. 

According to the second embodiment, the corner 
reflector 19 is in a position drawn back from the 
crosspoint of the waveguides 10, 12. Therefore, in 
passing the crosspoint, scatter of the optical signal 
by the corner reflector 19 is reduced. 

A third embodiment of the present invention is 
illustrated in Fig. 5. In Fig. 5,4x4 matrix, for 
example, is formed with four input waveguides 37 and 
four output waveguides 41 crossing mutually. 



The input waveguides 37 consist of four stages. In 
each stage, a first directional coupler 35 has a first 
waveguide 35a which extends to an input port 31b and a 
second waveguide 35b which extends in the opposite 
direction. 

The first and second waveguides 35a and 35b overlap 
mutually so that cross-coupling can occur. The second 
waveguide 35b is coupled to the first waveguide 35a of 
the next stage. 

The output waveguide 41 consists of four stages. In 
each stage, a second directional coupler 39 has a 
fourth waveguide 39b which extends to an output port 
33a and a third waveguide 39a which extends in the 
opposite direction. 

The third and fourth waveguide 39a and 39b overlap 
mutually so that the cross-coupling can occur. The 
fourth waveguide 39b is coupled to the third waveguide 
39a of the next stage. 



The first and fourth waveguide 35a and 39b are jointed. 
A corner reflector 43 is formed at the joint corner. 
The second and third waveguide 35b and 39a cross at a 
portion which does not participate in the 
cross-coupling . 

The first and second directional couplers 35 and 39^ 
comprise a switch element 45. 

A corner reflector 47 is formed at a crosspoint of the 
input waveguide 37 which is connected to an input port 
31a and the output waveguide 41 which is connected to 
an output port 33a. The first and second directional 
coupler 35 and 39 may be formed at this cross-point. 

Operation of the switch element 4 5 will now be 
described with reference to Fig. 6. 

For example, an optical signal is propagated from the 
input port 31b- to the first waveguide 35a. As a result 
of interaction between the parallel waveguides, the 
optical signal is transferred to and propagates along 
the second waveguide 35b. 



10 
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However, by controlling voltage applied to the 
electrodes (hatching portions) of the first directional 
coupler 35, the optical signal need not be transferred 
from the first waveguide 35a to the second waveguide 
35b. Then, the optical signal reflects on the corner 
reflector 43, and propagates along the fourth waveguide 
39b. Furthermore, by controlling voltage applied to 
electrodes of the second directional coupler 39, the 
optical signal goes toward the output port 33b. 



Also, an optical signal which is propagated along the 
third waveguide 39a, can transfer to the fourth 
waveguide 39b as a result of interaction between 
parallel waveguides. Then, the optical signal goes 
15 toward output 33b. 

According to the third embodiment, as described above, 
whatever propagation route is selected, the optical 
signal reflects on only one corner reflector at each 
20 crosspoint irrespective of a matrix scale. Therefore, 

propagation loss is reduced compared with the prior art 
devices which utilise two reflectors at each junction. 



In Fig. 5, in order to equalize strength of the optical 
signals at the output ports, third embodiment has dummy 
elements 49. 

The dummy element 49 is disposed between the input port 
31a and the nearest switch element 45 to it. The dummy 
element 4 5 has a first and second dummy waveguides 53 
and 57. The first dummy waveguide 53 crosses the input 
waveguide 37 to make a crosspoint 55. The second dummy 
waveguide 57 disposed adjacent to the crosspoint 55. 
At one end of the second dummy waveguide 57, a corner 
reflector 59 is formed to face towards the crosspoint 
55. 

In passing the dummy element 49, since the optical 
signal is scattered by the corner reflector 59, 
propagation loss occurs. The loss occurs equally when 
the optical signal passes the crosspoint of the second 
and third waveguide 35b and 39a. 

In Fig. 5, one dummy element 49 is disposed between the 
input port 31b(output port 33c) and the nearest switch 
element 45 to it. Two dummy elements 49 are disposed 
between the input port 31c (output port 33b) and the 
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nearest switch element 45 to it. Three dummy elements 
are disposed between the input port 31d (output port 
33a) and the nearest switch element 45 to it. 

5 Since the dummy elements 49 are disposed as described 

above, whatever propagation route is selected, the 
optical signal is scattered six times equally by the 
corner reflectors 43 and 59. Therefore, the optical 
signal has same strength at any output port. 

10 

Such dummy elements may be included in the first and 
second embodiments of the present invention described 
hereinbefore. 
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CLAIMS 



1. An optical switch matrix for selecting an optical 
propagation route between input ports and output ports 
with selective electrical control, comprising: 
plural input waveguides each connected to said input 
ports; 

plural output waveguides each connected to said output 
ports and crossing said input waveguides to form 
crosspoints; 

and for at least one of said crosspoints : 

a first coupler disposed on said input port side of 

said crosspoint, comprising a portion of said input 

waveguide and a first waveguide member which has a 

portion coextensive with said input waveguide; 

a second coupler disposed on said output port side of 

said crosspoint, comprising a portion of said output 

waveguide and a second waveguide member which has a 

portion thereof coextensive with said output waveguide 
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and 

a reflector for reflecting an optical signal from one 
of said waveguide members to the other thereof. 

2. An optical switch matrix according to claim 1, 
further comprising: 

a dummy element disposed adjacent to said input port, 
and having a first dummy waveguide which crosses said 
input waveguide to form another crosspoint and a second 
dummy waveguide which is disposed adjacent said other 
crosspoint, said second dummy waveguide being provided 
with a corner reflector, 

3. An optical switch matrix for selecting an optical 
propagation route between input ports and output ports 
with selective electrical control, comprising: 
plural input waveguides each connected to a respective 
said input port, and composed of four stages, each said 
stage having a first waveguide which extends to said 
input port and a second waveguide which extends in an 



opposite direction, said first and second waveguides 
overlapping mutually to form a first directional 
coupler, said second waveguide connected to a first 
waveguide of a next stage; 

plural output waveguides each connected to said output 
port, and composed of four stages, each said stage 
having a fourth waveguide which extends to said output 
port and a third waveguide which extends in an opposite 
direction, said third ,and fourth waveguides overlapping 
mutually to form a second directional coupler, said 
fourth waveguide connected to a third waveguide of a 
next stage; 

said second and third waveguides crossing at a portion 
which does not participate in a cross-stage, said first 
and fourth waveguides jointed to form a joint corner; 
and 

a corner reflector formed at said joint corner, which 
reflects an optical signal. 
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4. An optical switch matrix according to claim 3, 
further comprising: 

a dummy element disposed adjacent to said input port, 
and having a first dummy waveguide which crosses said 
5 input waveguide to form a crosspoint and a second dummy 

waveguide which is disposed adjacent to said 
crosspoint, said second dummy waveguide having a corner 
reflector on said crosspoint side. 

10 5. An optical switch matrix according to claim 1 

including means for applying electrical control 
voltages to said first and second couplers 
respectively. 

15 6. An optical switch matrix substantially as 

hereinbefore described with reference to Figs. 2 and 3 
of the accompanying drawings. 
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7. An optical switch matrix substantially as - 
hereinbefore described with reference to Fig. 4 of the 
accompanying drawings. 

8, An optical switch matrix substantially as 
hereinbefore described with reference to Figs. 5 and 6 
of the accompanying drawings. 



